Objective : The objective of this study is to verify the relationship between subarachnoid hemorrhage (SAH) volume (not Fisher grade) and development of cerebral vasospasm prospectively.
INTRODUCTION
Subarachnoid hemorrhage (SAH) from a ruptured intracranial aneurysm is a devastating disease with a high rate of mortality and morbidity. 1) Apart from the potentially disastrous effects of the initial hemorrhage and rebleeding from the ruptured aneurysm, cerebral vasospasm is a major contributor to death and disability after SAH.
Some risk factors associated with development of cerebral vasospasm have been reported. 6 
MATERIALS AND METHODS

Patient population
In this study, we enrolled patients who visited our hospital with a diffuse or localized thick subarachnoid blood clot on the initial CT scan taken within 48 hours after spontaneously ruptured aneurysmal SAH and were confirmed as having an aneurysm by CT angiogram (CTA) from March 2010 to July 2011. All of the patients were checked for brain CT scans soon after their arrival at the emergency room, as well as a follow-up brain CT after their operations. The follow-up CTA was checked at least twice (from four to nine days and ten days after SAH) after admission.
A total of 156 patients with aneurysmal SAH visited during this period. Patients were excluded from the study if: (1) they were comatose, (2) they were considered unlikely to survive for more than two weeks, (3) they were not checked in the follow-up CTA at least twice for angiographic vasospasm, (4) they were treated by coiling. A total of 101 patients were excluded from this study. Thus, 55 patients were enrolled for this analysis, and their demographic and clinical data were collected.
Definition of cerebral vasospasm
Angiographic vasospasm is defined as diffuse or fo- Volumetric quantification 4) Nonenhanced images in initial CT scan obtained 
RESULTS
General characteristics of SAH patients and incidence of vasospasm:
Male to female ratio was 18:37. Mean age was 57.65 ± 3.9 years. Mean aneurysmal size was 5.5 ± 0.65. In 26 cases (47.2%), the aneurysm was located in the anterior communicating artery (AcomA), in 14 cases (25.5%), it was located in the middle cerebral artery (MCA), and, in 15 cases (27.3%), it was located in the internal carotid artery (ICA).
Thirty six patients neither showed AVS nor developed SVS. SVS was observed in 15 patients (AcomA aneurysm: ten cases, MCA aneurysm: three cases, ICA aneurysm: two cases), and development of AVS was observed in only four patients (AcomA aneurysm:
one case, MCA aneurysm: three cases).
The relationship between intracranial hemorrhage volume and development of vasospasm
The calculated total intracranial hemorrhage volume of each group was 11.58 ml in NVS, 16.25 ml in AVS, and 22.27 ml in SVS. The calculated SAH volume in each group was 9.50 ml in NVS, 14.00 ml in AVS, and 17.67 ml in SVS.
In SAH volume, a statistically significant difference was only observed between NVS and SVS and no other intergroup difference (AVS-SVS and NVS-AVS) was found in post hoc analysis. (p < 0.05) Age, sex, location of aneurysm, aneurysmal size, and total ICH volume were not associated with devel-opment of vasospasm (Table 1) .
DISCUSSION
Cerebral vasospasm is a major contributor to death and disability after SAH. Poor clinical grade (related to more severe hemorrhage), age and cigarette smoking have been reported as independent risk factors for symptomatic vasospasm. However, TCD also cannot detect mild vasospasm of distal arteries. In addition, CTA is less expensive and less invasive than catheter angiography. Therefore, despite some limitations, CTA can be used as a reliable method to check vasospasm of cerebral vessel after aneurysmal SAH.
2)
In volumetric analysis using CT scans, the setting of the CT number of the hemorrhage is very important. There are some limitations in our study. First, our study was a single center study. Second, the patient population enrolled in this study was too small for establishment of a cut-off volume. Third, the number of cases of angiographic vasospasm (only four cases) included in this study was too small.
CONCLUSION
In our study, development of symptomatic vasospasm was associated with SAH volume not total intracranial hemorrhage volume.
